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HIGHLY SOLUBLE MULTICOMPONENT INCLUSION COMPLEXES 
CONTAINING A BASE TYPE DRUG. AN ACID AND A CYCLODBXTRIN 

The invention relates to highly soluble 
multicomponent inclusion complexes consisting of a 
basic-type drug, a cyclodextrin and an acid. 

The term basic-type drug refers to organic 
compounds bearing hydrophobic groups and nitrogen basic 
groups, such as amino, amine and guanidino groups. 

A lot of drugs bear aliphatic or aromatic amine 
groups. These types of drugs usually have very low 
aqueous solubility in base form which often hampers 
their application. 

Salt formation with inorganic or organic acids is 
a common method, which is very often used to increase 
the solubility of base-type drugs. Hov.wer sometimes 
even the salts are poorly soluble, or by other reasons 
15 a conventional salt formation is inadequate. 

It is known that the aqueous solubility of base- 
type drugs or their salts is much higher at low pH 
values whereas it is very poor at higher pH of the 
intestinal tract, comprised between pH 5-8. Therefore, 
20 the release site from formulations of such drugs is 
restricted to the stomach or to the upper part of the 
intestinal tract and such properties make impossible 
the preparation and use of such drugs in controlled 
release formulation, wherever it is necessary to ensure 
25 the dissolution of the drug in the intestinal juice. 

The difficulties originated from the low aqueous 
solubility of certain drugs, such as low rate and 
percent of dissolution from pharmaceutical 
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formulations, together with poor and/or variable 
bioavailability can be overcome by cyclodextr in 
complexation . 

In prior art a lot of amine type drugs, such as 
terfenadine and cinnarizine, have been successfully 
complexed with cyclodextr ins , with good results. 
However, low aqueous solubility of p-cyclodextrin 
hinders its applications as complexing agent from a 
technological point of view. 

Soluble complexes can be prepared from homogeneous 
drug-cyclodextrin solutions by removing water by 
f reeze-drying or spray drying. This technique is widely 
used in the prior art in case of using well soluble f3- 
cyclodextrin derivatives such as methyl or 
hydroxypropyl 0-cyclodextr ins . 

The solubilizing capacity of p-cyclodextr in is 
strongly limited by its low aqueous solubility. 
Therefore large volume of solutions have to be used for 
the preparation of soluble complexes. 

Surprisingly, it has now been found that the 
presence of acids in the formation of complexes of 
amine type drugs with cyclodextr ins results in easily 
water soluble complexes with extremely high 
concentrations both of the guest molecule and of 
cyclodextr in . 

Even more surprisingly it has been found that , - 
when the cyclodextrin is {3-cyclodextr in , the presence 
of an acid considerably enhances its water solubility. 

In fact, in this kind of complexes, not only the 
solubility of the hydrophobic guest results enhanced by 
several orders of magnitude, but also the solubility of 



BNSOOCID: <WO 9416733At_l_> 



WO 94/16733 



PCT/EP94/00205 



the hydrophilic 0-cyclodextr in may be increased up to 
more than 10 times. 

Up to now, a mutual host-ouest solubility 
enhancement up to a very modest .xten*:. has been 
reported only in the case of fendilin- hydrochloride-p- 
CD (Stadler Szoke A. et al..., J. Inclusion Phei:_-mena 
3, 71-84, 1985). 

A first aspect of the present invention therefore 
relates to mult icomponent inclusion complexes 
fundamentally consisting of a base type drug, a 
cyclodextrin and an acid. 

A second aspect of the present invention relates 
to the use of an acid in the preparation of complexes 
with a cyclodextrin, and particularly with p- 
cyclodextr in , with the purpose of increasing water 
solubility of the cyclodextrin itself. 

The solubility increase of the guest molecule 
and/or the cyclodextrin may occur both in the presence 
of inorganic acids and of organic acids. 

Examples of inorganic acids are halogenhydr ic 
acids, such as hydrochloric, hydrobromic acid. 

Examples of organic acids are ali> .itic carboxylic 
acids, such as acetic acid, propionic acid, butyric 
acid, oxalic acid, succinic acid, glutaric acid, 
pimelic acid, tartaric acid, malic acid, citric acid, 
maleic acid, malonic acid. Particularly favourable 
results have been obtained with aliphatic carboxylic 
acids bearing one or more oxygenated substituents in 
the aliphatic chain, preferably keto groups or hydroxy 
groups. The most evident solubilizing effects have been 
obtained with organic acids, and among them, the best 
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results have been achieved with aliphatic carboxylic 
acids bearing one or more oxygenated substituents in 
the aliphatic chain, such as citric acid, tartaric 
acid, a-ketoglutaric acid, threonic acid. 

In prior art the application of organic acids to 
drug complexes with cyclodextr ins are very limited and 
concern : 

a) the improvement of chemical stability of carmoful 
( l-hexylcarbamoyl-5-f luorouracil , HCFU) in p- 
cyclodextrin complexes prepared by the kneading 
method with an organic acid, such as L( + )-tartaric , 
DL-malic, citric, maleic, malonic acid. 

The organic acids can provide an acidic 
environment around the complex after water 
elimination, since HCFU is chemically stable under 
acidic conditions (Japanese Patent Application N° 
60185772, by Mitsui; Chem Abs 104:155972 and 
Kikuchi M et al . . Chem Pharm Bull 35(1), 315-319, 
1987 ); 

b) the use of a solid organic acid (selected from 
citric, tartaric or malic acid) in solid 
pharmaceutical compositions containing cephalo- 
sporins and a cyclodextrin in order to improve 
their dissolution and bioavailability with respect 
to compositions containing crystalline cellulose 
instead of a a-cyclodextr in (European Patent EP 
163433, by Takeda; Chem Abs 105:12098n), 

c) the simultaneous administration of citric acid and 
cinnarizine or its complex with p-cyclodextr in to 
evaluate its bioavailability: however, no 
significant difference has been found between the 
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two administration forms (Tokumura T et al.. J. 
Incl. Phenom 2, 511-521, 1984 and Chem Pharm Bull 
33(7), 2962-2967, 1988). 

Up to now neither multicomponent inclusion 
complexes containing a cyclodextrin , a base type active 
ingredient and an acid have been described, nor a so 
high improvement of solubility of an active ingredient 
by complexation with a cyclodextrin has been 

obtained . 

The simultaneous large solubility enhancement for 
0-CD at least up to the here disclosed extent is also a 
new and surprising observation. 

A further object of the present invention is a 
general method for the preparation of base-type 
drug : £CD : acid complex consisting in the removal of 
water from the highly supersaturated solution of the 
components in distilled water. According to the present 
invention said process comprises the following steps: 

a) suspension in distilled water of suitable 
quantities of drug, cyclodextrin and acid ; 

b) homogenizat ion of the suspension obtained in step 
a) by stirring and/or sonication to obtain a clear 
or slightly opalescent solution; 

c) filtration of the solution obtained in step b) by 
using a suitable system to obtain a clear solution; 

d) dehydration of the solution obtained in step c) by 
using usual dehydration methods such as freeze- 
drying , spray-drying, stove-drying or similar. 

The same method can be used in order to prepare 
complexes with a-CD, ^ CD , hydroxypropyl-f3CD , dimethyl- 
0CD, RAMEB ( RAndom MEthylated 0-CD) or other 
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cyclodextrin derivatives. Even more supersaturated 
solutions with improved storage stability, which can be 
used to prepare liquid pharmaceutical compositions for 
oral or parenteral administration, are obtained by 
using these entirely more soluble CD and 0CD 
derivatives . 

Details of the invention are illustrated in the 
following examples. 

The drugs reported in the examples, belonging to 
i . • different chemical and therapeutical classes, have been 
selected as test molecules as considered especially 
representatives of the invention. Particularly 
surprising results have been obtained with 
diphenylmethane , tricyclic and azole derivatives. 

Nevertheless, it is evident that the present 
invention is applicable to every compound bearing basic 
groups . 

EXAMPLE 1 

Preparation of ter f enadine-BCD-hvdroxyac id soluble 
V » complexes . 

8 mmol of £CD, 4 mmol of terfenadine { TFN ) and 5 
mmol of tartaric acid (or 6 mmol of ascorbic acid or 4 
mmol of lactic acid) were suspended in 60-70 ml of 
distilled water. 

The suspensions were homogenized by vigorous 
stirring and ultrasonicated to obtain slightly 
opalescent solutions. After filtering the solutions 
across a glass prefilter, terfenadine content was 
determined by UV-photometry after 70 fold dilution with 
50% aqueous ethanol. Concentrations of 27-29 mg/ml of 
dissolved terfenadine were detected. 
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Solid complexes were isolated from the clear 
solutions by f reeze-drying . 

The active ingredient content of the solid 
complexes was 15-17% (w/w) as measured by UV- 
photometry. 

Powder X-ray analysis confirmed the formation of 
the complexes. 

Solubility properties of the complexes. 

100 mg of complexes prepared according to Example 
1 were easily dissolved in 0.5 ml of distilled water 
resulting in clear solutions. After 30 fold dilution of 
the solution with 50% (v/v) ethanol, UV-photometry was 
used to determine the dissolved terfenadine 
concentration which resulted more than 30 mg TFN/ml . 

Data relating to the complex obtained with 
tartaric acid are reported in Table 1 and those 
relating to the complex with citric acid in Table 2. 

With a similar process, the ter f enadine-£CD- 
glycerophosphoric acid complex (0.2/0.4/0.4 mmol ) was 
prepared. The solubility of terfenadine with respect to 
said complex was 4 mg/ml. 

EXAMPLE 2 

Preparation of terf enadine-BCD-mono- or bicarboxvlic 
acid complexes. 

Terfenadine (2 mmol) and J3CD (4 mmol) were 
suspended into 25 ml of distilled water. 3 mmol of 
acetic acid (or 4 mmol formic acid) were added and the 
suspension was ultrasonicated for several minutes. The 
resulting slightly opalescent solutions, obtained by 
filtration, were freeze dried. 

Active ingredient content of the complexes was 
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determined by UV-photometry and gave 17±0.5%. 

Redissolving properties of the complexes. 

Redissolving properties of the complexes 
containing formic and acetic acid are also interesting: 
100 mg of complex were easily dissolved in 0.5 ml of 
water resulting in a clear solution for the acetic acid 
and an opalescent solution for the formic acid-f3CD 
complexes, respectively . 

pH of these solutions resulted 4.36 for the 
complexes with acetic acid and 3.67 for the complexes 
with formic acid. 

In a comparative test it was tried to dissolve 1 
mmol of terfenadine into 15 ml of distilled water using 
6 mmol of acetic or 4 mmol of formic acid. 

The test was not successful and the highly 
hydrophobic terfenadine disappeared from the surface of 
the solution at the same time of the precipitation of 
the corresponding poorly soluble salt. 

3.15 and 0.34 mg/ml of dissolved terfenadine were 
measured in the filtrate in the presence of acetic and 
formic acid, respectively. 

With a similar process, the ter f enadine-pCD-a- 
ketoglutaric acid complex (0.2/0.4/0.4 mmol, 1:2:2 
ratio) was prepared. The solubility of terfenadine with 
respect to said complex was about 6 mg/ml. 

EXAMPLE 3 

Preparation of ter f enadine- BCD- inorganic acid 

complexes . 

Terfenadine (1 mmol), pCD (2 mmol), 1 mmol of HC1 
(or 1 mmol of phosphoric acid) were suspended into 15 
ml of distilled water. The suspension was 
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ultrasonicated resulting in a slightly opalescent 
solution. Solid complexes were isolated by freeze- 
drying. Active ingredient content of the complex was 
18±1%, as measured by UV-photometry . 

Redissolving properties of the complexes. 

100 mg of complexes were easily dissolved in 0.5 
ml of distilled water or into HC1 solution (pH 1.4) 
giving a clear solution. Terfenadine content of the 
solution was measured after 80 fold dilution with 50% 
(v/v) ethanol by UV-photometry. 29 mg/ml of dissolved 
terfenadine were measured. Addition of sodium chloride 
did not decrease the concentration of this highly 
saturated ter f enadine-HCl-f3CD solution. 

EXAMPLE 4 

- eparatien of terfenadine -tartaric acid- ^ CD or BCD 
Privative complexes. 

Terfenadine (1 mmol), L(+) tartaric acid (1.5 
mmol) and ^CD (2 mmol) or 2 mmol of HP{3CD; or 2 mmol 
of DIMEB or 2 mmol of RAMEB were suspended and 
ultrasonicated in 15 ml of distilled water. 

The use of Y CD resulted in a slightly opalescent 
solutions, while the solutions obtained with HPpCD, 
DIMEB and RAMEB were clear. In addition, these latter 
CDs gave clear solutions even using 7.5 ml of distilled 
water only. The terfenadine content in these solutions 
was about 50 mg/ml. 

EXAMPLE 5 

Preparation of cinnar izine-PCD-hvdroxvac id complexes. 

pCD (4 mmol), cinnarizine (2 mmol) and citric acid 
(3 mmol) (or tartaric acid (3 mmol)) were suspended 
into 20 ml of distilled water. The suspensions were 
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homogenized and ultrasonicated to obtain slightly 
opalescent solutions. After filtering the solution 
across a glass prefilter, solid complexes were isolated 
by f reeze-drying the solutions. 
^ The active ingredient content of the complexes was 

found to be 11±0.5%, as measured by UV-photometry . 
Redissolving properties of the complexes. 
100 mg of complexes were dissolved in 0.5 ml of 
distilled water resulting in almost clear and slightly 

if= opalescent solutions in case of citric and tartaric 
acid complexes , respectively. pH of these highly 
supersaturated solutions was 2.5 and 2.3 for citric and 
tartaric acid complexes, respectively. After filtration 
across a 0.45nm membrane filter, concentration of the 

:i solutions was measured after 2000 fold dilution with 

50% ethanol by UV-photometry. 20-22 mg/ml of dissolved 
cinnarizine were measured. Calculated f3CD concentration 
of the solutions was about 16-18% (p/v). 

The data of the complex with tartaric acid are 

wi reported in Table 1. 

EXAMPLE 6 

Preparation of domper idone-BCD-tartar ic acid 
complex . 

40 mmol of domper idone, 40 mmol of tartaric acid 
and 40 mmol of J3CD were suspended into 700 ml of water 
and ultrasonically stirred till a slightly opalescent 
solution was obtained. After filtration through a 
sintered glass prefilter, solid complex was isolated by 
freeze drying. 

,u The active ingredient content of the complex was 

found to be 27.410.1%, as measured by UV photometry. 
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Redissolving properties of the complexes. 
100 mg of the complex were easily dissolved in 1 
ml of distilled water. Domperidone content of this 
solution was 25 mg/ml. 
r j. Solubility date are reported in Table 1. 

EXAMPLE 7 

Preparation of domper idone-tartar ic acid-HPBCD complex. 

12 mmol of domperidone, 12 mmol of tartaric acid 
and 22 mmol of HP0CD (substitution degree=2.8) were 
suspended into 100 ml of distilled water and 
ultrasonically homogenized till a slightly opalescent 
solution was obtained. After fil" "ion through a 
sintered glass prefilter, solid comp .-- was isolated by 
freeze drying. 

Active ingredient content: 14.010.2%, as measured 

photometrically . 

Redissolving properties of the complex. 
100 mg of complex were easily dissolved in 0.3 ml 
of distilled water.. Domperidone content of this 
7o solution was 50 mg/ml. 

Solubility data are reported in Table 3. 

EXAMPLE 8 

Preparation of other domperidone complexes. 

With a process similar to the one of the preceding 
examples, the following complexes were prepared: 
8a) domperidone (4.4 mmol)-0CD (4.4 mmol)-lactic acid 

(1.1 mmol) (1:1:2.5 ratio); 
8b) domperidone (4.4 mmol)-0CD (4.4 mmol)-malic acid 

(1.1 mmol) (1:1:2.5 ratio); 
8c) domperidone (0.25 mmol)-0CD (0.5 mmol ) - threonic 

acid (0.2 mmol) (1:2:2 ratio); 
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8d) domperidone (0.25 mmol)-HPpCD (0.5 mmol ) -threonic 
acid (0.2 mmol) (1:2:2 ratio); 

Spectrophotometry determination of domperidone in 
the four complexes gave 27.7%, 23.4%, 14.5% and 12.5%, 
r j respectively. 

EXAMPLE 9 

Preparation of astemizole complexes 

With a process similar to the one of the preceding 
examples, the following complexes were prepared: 
lo 9a) astemizole (7.6 mmol)-f3CD (6 mmol)-acetic acid (30 
mmo 1 ) . 

UV Spec tropho tome tr ic determination of astemizole 
gave 33.9%. 

9b) astemizole (7.6 mmol)-0CD (8 mmol)-malic acid (1.5 
i ' ■> mmo 1 ) . 

UV Spec trophotome trie determination of astemizole 
gave 25.6%. 

9c) astemizole (7.6 mmol)-pCD (8 mmol)-L(+) tartaric 
acid ( 27 mmol ) . 

70 UV Spec tropho tome tr ic determination of astemizole 

gave 22.5%. 

Solubility characteristics of the complexes were 
determined in several systems: distilled water, 
phosphate buffer (pH 7.6), hydrochloric acid solution 
J 1 , (pH 1.3) . 

Subsequent 0.1 ml portions of the dissolving 
medium were added to 200 mg of the complex, until a 
clear or slightly opalescent solution was obtained. 
After stirring and/or ultrasonicat ion of the samples, 
astemizole concentrations were calculated in the 
solutions, whose pH was also measured. 
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Solubility data of the complex with tartaric acid 
are reported in Table 1 . 

EXAMPLE 10 

Preparation of ketoconazole complexes. 

With a process similar to the one of the preceding 
examples, the following complexes were prepared: 
10a) ketoconazole (1 mmol)-0CD (1.5 mmol ) -tartar ic acid 

( 1 mmo 1 ) ; 

10b) ketoconazole (1 mmol)-pCD (1.5 mmol)-citric acid 
(1 mmol); 

Spectrophotometr ic determination of ketoconazole 
in the two complexes gave 21.6+0.5% and 21.710.5%, 
respectively . 

Solubility data of the complex with tartaric acid 
are reported in Table 1. 

EXAMPLE 11 

Preparation of tamoxifene complexes. 

With a process similar to the one of the preceding 
examples, the following complexes were prepared: 
11a) tamoxifene (1 mmol)-pCD (2 mmol ) -tartar ic acid (2 

mmo 1 ) , 

lib) tamoxifene (1 mmol)-0CD (2 mmol )-citr ic acid (2 
mmo 1 ) ; 

11c) tamoxifene (1 mmol)-HP{3CD (substitution degree 
2.8, 2 mmol )-citric acid (2 mmol). 

Tamoxifene content in the complexes resulted 
12.2±0.1%; 12.310.1%; 11.5+0.1%, respectively. 

Solubility data of the complex with pCD and citric 
acid are reported in Table 2. 
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EXAMPLE 12 

Preparation of clomifene complexes. 

With the same process complexes with clomifene 
{2.5 mmol), 0CD (2.5 mmol), and citric acid (7 mmol) or 
tartaric acid (5 mmol) were prepared. 

Clomifene content resulted 17.9±0.1% and 
18.210.1%, respectively. 

Solubility data with citric acid are reported in 
Table 2. 

If.. EXAMPLE 13 

Preparation of cvclobenzapr ine ( CBP ) -BCD-tartar ic 
acid complex. 

10 mmol of CBP.HC1 were neutralized with 10 mmol 
NaOH and 10 mmol of pCD and 10" mmol of tartaric acid 
!.'.> were suspended into 20 ml of water. The resulting 
clear, viscous solution was freeze dried. 

The so obtained product contained 19.6% of CBP 
base (CBP.B), as determined by UV spectrophotometry. 

500 mg of the complex were dissolved in 2.2 ml of 
>:o water giving 45 mg/ml of CBP.B. After dissolving 100 mg 
of the above complex in 2 , 4, 6, and 8 ml of buffer 
solution (pH=7.6) the .following respective pH values 
were measured in the solutions: 4.85, 6.5, 7.0, and 
7.25. The CBP content of these solutions was 10, 5, 
;\s 3.3, and 2.5 mg/ml, respectively. No precipitation was 
observed at any dilution rate. 

EXAMPLE 14 

Preparation of itraconazole-QCD-hydrochlor ic acid 
complex . 

5 mmol of itraconazole, 10 mmol of pCD and 15 mmol 
of hydrochloric acid were ultrasonicated . The resulting 
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very thick, homogeneous suspension was then diluted 
with 80 ml of distilled water and ultrasonication was 
continued for 20 min. The suspension was freeze dried. 

The molar ratio of the complex was 1:2:2: with 
approximately 20% w/w itraconazole content. 

The solubility of the complex in distilled water 
was appropriate. Equilibration of 100 mg of the complex 
in 2 ml of distilled water for 2-5 min resulted in more 
than 5 mg/ml of dissolved itraconazole, that means more 
than 20.000 fold solubility enhancement. 
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Table 3: Water solubility of some basic type drugs, 
their complexes with a CD and mult icomponent complexes, 
expressed as drug concentration F (mg/ml). 



DRUG 

TERFENADINE DOMPERIDONE ASTEMI ZOLE 





FB 


0 . 01 


0. 005 


0 . 004 




FB/a-CD 


- 


0.033 
(6 . 6x) 


0.024 
(6x) 




FB/AT/a-CD 


- 


25 

(5000x) 






FB/ ^-CD 


- 


0. 04 
(8x ) 


0.027 
( 6 . 6x ) 


J I 


FB/AT7 ^-CD 


30 
( JUUUX ) 


30 

/ C A A A ir \ 






FB/HPP-CD 


1 . 23 
( 123x ) 


0 . 16 
(32x) 


0.353 
(86x) 




FB/AT/HPp-CD 


60 

( 6000x) 


50 

(10000X) 




2D 


FB/DIMEB 


2.32 
(232x) 


0. 56 
(112x ) 


1. 245 
(303x) 




FB/AT/DIMEB 


60 

( 6000x) 


30 

(600x ) 




2 5 


_FB/RAMEB 


4 . 50 
(450x) 


0.28 
(56x) 


1 . 10 
(275x) 




FB/AT/RAMEB 


60 

( 6000x) 


30 

(6000x) 







FB 


Basic-type drug 


30 


AT 


Tartaric acid 




a-CD 


a-Cyclodextr in 




Y~ CD 


^-Cyclodextrin 




HP{3-CD 


Hydroxypropyl-f3-Cyclodextr in 




DIMEB 


Dime thy l-p-cyc lode xtr in 


35 


RAKES 


RAndom MEthylated £-Cyclodext r in 
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From the results reported in the above Tables 1, 2 
and 3 the remarkable solubility enhancement obtained 
with the complexes of the present invention, may be 
observed . 

This solubility enhancement is very important not 
only for the improvement of the biopharmaceut ical 
characteristics of the compounds, but also for their 
bioavailability . 

The presence in the complex of an excess amount of 
acid creates an acid environment which facilitates the 
dissolution of the drug also at high pH values, so that 
the dissolution characteristics of the compound are 
less dependent on the local pH . 

Also in view of pharmaceutical technology, the 
advantages are remarkable. In fact, liquid 
pharmaceutical compositions, such as vials, drops, oral 
solutions, may be prepared also with hardly soluble 
drugs. Said compositions are a further object of the 
present invention. 

As example, water amounts (ml) necessary to 
solubilize one unitary dose of terfenadine equal to 60 
mg in different systems are reported. 

System Water amount (ml) 



Terfenadine 6.000 

Terfenadine tartrate (79.2 mg ) 176 

Terf enadine-f3-CD complex 1:2 ( 349 mg ) 750 

Terfenadine tar trate-0-CD complex 2:1 (380 mg ) 18 
Terf enadine-tar tar ic acid-p-CD 

complex (353-400 mg ) 1.2 



Accordingly, the present invention provides the 
surprising use of 0-CD as solubilizing agent in 
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parenteral pharmaceutical compositions. Heretofore, 
said use has been hindered from the technological point 
of view by the low water solubility in comparison with 
the normal solutions volumes used in this kind of 
compositions . 

EXAMPLE 15 

Effect of some acids on the {3-CD solubility. 

In a test tube 1000 mg of {3-CD in 5 ml of a 
solution having different concentrations of an acid 
selected from tartaric, citric, lactic acid, were let 
to equilibrate for two days at 28*/-2°C under stirring. 
The solution was filtered and £-CD concentration was 
determined by HPLC. 



The 


results are reported in 


Table 4. 


Table 4 






ACID 


ACID CONCENTRATION 


{3-CD CONCENTRATION 




(mg/ml ) 


(mg/ml ) 


Tartaric 


0 


18. 3 




7 . 5 


28. 0 




15.0 


31.4 




37 . 5 


44.4 




75.0 


65.4 




112.5 


83.7 


citric 


0 


18. 3 




9.6 


34.1 




19.2 


47, 9 




48.0 


86.1 




96.0 


140.1 




144.0 


195.7 



- (continued) - 
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Table 4 (continued) 



ACID ACID CONCENTRATION p-CD CONCENTRATION 



(mg/ml) (mg/ml) 

lactic 0 18.3 

4.5 17.1 

9.0 18.8 

22.5 24.2 

45.0 31.0 

67 . 5 35.8 



Hydroxyacids (tartaric and citric acid) remarkably 

enhance the water solubility of p-CD, depending on 

their concentration. 
.1 '■ Lactic acid instead exerts a lower effect even if 

it is effective in the formation of mult icomponent 

complexes, as shown in the examples. 

In fact, the surprising enhancement of the p-CD 

solubility in the mult icomponent complexes should not 

exclusively be attributed to the effect of the acid. 

In the multicojnponent complexes of terfenadine and 

tartaric or citric acid, for example, the concentration 

of p-CD is about 150 mg/ml, about 8 times higher than 

water solubility of p-CD as such. 
:-f> In the binary system acid-p-CD, in the presence of 

the same acid concentrations, namely 11 and 17 mg/ml 

respectively, the increase of the p-CD solubility is 

about 2 times. 

Some cyclodextr ins may be used not only as 
50 complexing agents, but also as solubilizing agents in 

the preparation of liquid pharmaceutical compositions. 
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Among these, the most used one appears to be HP0-CD. 

Also in this case the technological advantages, 
which are connected with the use of the complexes 
according to the present invention, appears evident. 
5 Accordingly, not only higher drug concentrations in 
solution are obtained, but also with the same amount of 
dissolved drug, the amount of cyclodextrin is 
considerably reduced. 

Table 5 shows the amounts of HP0-CD necessary for 
10 the solubilization of the same amount of drug depending 
on the use of cyclodextrin in a multicomponent complex 
or as conventional solubilizing agent. 
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The remarkable decrease of the HP0CD amount, 
necessary to the drug solubilization using the 
complexes of the present invention, is advantageous 
also from a toxicological point of view, particularly 
5 for parenteral formulations. 

Finally, the semplicity of the technology of 
preparation of the complexes of the present invention, 
which represents a further advantage for the industrial 
applicability, is to be underlined. 
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CLAIMS 

1. Multicomponent inclusion complexes characterized 
in that a basic-type drug (guest molecule), an acid and 

S a cyclodextrin are present. 

2. Inclusion complexes according to claim 1, 
characterized in that both the guest molecule and the 

-- cyclodextrin have a very high water solubility. 

3. Inclusion complexes according to claim 1, 
K- characterized in that the acid increase both the drug 

and the cyclodextrin water solubility. 

4. Inclusion complexes according to claim 1, 
characterized in that an aliphatic carboxylic acid 
bearing on or more oxygenated substituents in the 

lb aliphatic chain, preferably keto groups or hydroxy 
groups is the acid. 

5. Inclusion complexes according to claim 4, 
characterized in that the acid is ; selected from the 
group consisting of citric acid, tartaric acid, a- 

20 ketoglutaric acid, threonic acid 

6. Inclusion complexes according to claim 1, 
characterized in that hydrochloric acid is the acid. 

7. Inclusion complexes according to claim 1, 
characterized in that cyclodextrin is selected from the 

2S group consisting of a-, p- or ^ -cyclodextrin, 
hydroxypropyl-pCD, dimethyl-pCD , RAMEB (RAndom 

MEthylated p-CD) or other cyclodextrin derivatives. 

8. Inclusion complexes according to claim 1, 
characterized in that the basic-type drug is selected 

,:.o from the group consisting of terfenadine, astemizole, 
domperidone, ketoconazole, cinnarizine, tamoxifene, 
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clomifene, cyclobenzapr ine , itraconazole. 

9. A process for the preparation of multi component 
inclusion complexes of the preceding claims comprising 
the following steps: 

.-> a) suspension in distilled water of suitable 
quantities of drug, cyclodextrin and acid ; 
b) homogenization of the suspension obtained in step 
a) by stirring and/or sonication to obtain a clear 
or slightly opalescent solution; 
io c) filtration of the solution obtained in step b) by 
using a suitable system to obtain a clear 
solution; 

d) dehydration of the solution obtained in step c). 

10. Pharmaceutical compositions containing a 
10 multicomponent inclusion complex of claims 1-8. 
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